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INSTRUCTIONS TO STUDENTS: 
 
1. Answer all the questions. Questions may be answered in any order as long as each 
answer is clearly numbered. 
 
2. Report all numerical answers to the correct number of significant figures and 
with the appropriate units. Marks will be deducted for incorrect significant figures 
and answers without units. 
 
3. Report pH to 3 decimal places. 
 
 
QUESTION 1 ELEMENTARY STATISTICS 
 
1.1 Define the term qualitative analysis and give an applicable practical 
example to support your answer. (2) 
 
1.2 State whether the errors given below are random or systematic or both.  
 
1.2.1  A 25.00 mL class A pipette constantly delivers 25.12 ± 0.05 mL when 
drained for 10 seconds.  (1) 
1.2.2  A 50.00 mL burette delivered 49.9921 g of water when drained from 
exactly 0.00 to 50.00 mL. The next time you delivered water drained 
from exactly 0.00 to the 50.00 mL mark, the delivered mass was 
50.0023 g.  (1)  
1.2.3  Four consecutive titration measurements of a NaOH solution gave the 
following burette readings: 25.12, 25.78, 25.00 and 24.51 mL. (1) 
 
1.3 The following data were obtained for the titration of 50.00 mL tap water 
with EDTA (complexing agent) to evaluate the amount of calcium in tap 
water: 
 25.28 mL; 25.52 mL; 24.95 mL; 25.45 mL; 25.34 mL; 25.48 mL; 25.38; 
24.87 mL 
 
 Calculate the following with the aid of a calculator with statistical 
functions: 
 
1.3.1 The median, mean, standard deviation and variance of the set of 
results. (6) 
1.3.2 The coefficient of variation (CV) of the set of results. (3) 
 
1.4 A method of analysis gave a result for the mass of platinum in a 
sample that was high by 0.5 mg. Calculate the percent relative error if 
the true mass of platinum in the sample is 500 mg and comment on the 
result.  (3) 
 
1.5 Give three parameters that can be used to describe the precision of 
measured values. (3) 
   [20] 
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QUESTION 2 PREPARATION OF SOLUTIONS; VOLUMETRIC ANALYSIS 
 
2.1 Describe the preparation of the following solutions: 
 
2.1.1 2.00 L of a 0.551 M aqueous HClO4 solution from a concentrated 
solution which is 70.0% (w/w) HClO4 and has a specific gravity of 
1.664. 
 [Molar mass (g mol−1): HClO4 = 100.46] (6) 
 
2.1.2 9.00 L of a solution that is 100.0 ppm in Sb3+ starting with solid 
Sb2(SO4)3. The density of the solution is 1.00 g mL
−1. 
 [Molar masses (g mol−1): Sb =121.76; Sb2(SO4)3=531.71]  (6) 
 
2.1.3 250.0 mL of a 3.575 % (w/v) Fe solution from solid iron(III) 
pyrophosphate (Fe4(P2O7)3 crystal.  
 [Molar masses (g mol−1): Fe = 55.85; K2Cr2O7 = 745.21] (6) 
 
2.2 Define the term end point in a titration. (2)  
 
2.3 A volume of 25.00 mL of concentrated sulfuric acid (H2SO4) solution 
was diluted to 250.00 mL in a volumetric flask. This solution was 
labelled “Solution A”. A volume of 25.00 mL of solution A was then 
pipetted into a 100.00 mL volumetric flask, diluted to the mark and 
labelled “Solution B”. A volume 25.00 mL of Solution B was diluted to 
the mark in a 100.00 mL volumetric flask, which was labelled “Solution 
C”. A volume of 25.00 mL of Solution C was pipetted into a conical 
flask, indicator was added and the solution was titrated against a 
0.1610 M KOH solution, using 35.75 mL of the KOH solution to reach a 
phenolphthalein endpoint.  
 
 H2SO4 (aq) + 2KOH (aq) → K2SO4 (aq) + 2H2O (l) 
 
2.3.1  Calculate the moles of H2SO4 in solution A, B, C and the original 
concentrated solution. (7) 
2.3.2  Calculate the molar concentration of H2SO4 in solution A, B, C and the 
original concentrated solution. (6) 
 
2.4 In a titrimetric determination, ascorbic acid, C6H8O6, (176.12 g mol
-1) 
reacts readily with the triiodide ion (I3
−) according to the equation:  
 
 C6H8O6 (aq) + I3
− (aq) → C6H6O6 (aq)+ 3I
− (aq) + 2H+ (aq). 
 
 A 0.2345 g aliquot of pure ascorbic acid was titrated with a triiodide 
solution and the endpoint volume was found to be 36.26 mL. The 
triiodide solution was then used to determine the ascorbic acid content 
of a vitamin C tablet. The tablet was ground to a powder, dissolved in 
water and titrated with the triiodide solution; the endpoint volume was 
31.23 mL.  
 
2.4.1 What was the primary standard in this titrimetric determination?  (1) 
2.4.2 Was there a secondary standard in this determination? Motivate your 
answer.  (2) 
2.4.3 What is the difference between a primary standard and a secondary 
standard?  (2) 
2.4.4 Give four properties of a primary standard  (4) 
2.4.5  What was the mass of ascorbic acid in the vitamin C tablet?  (7) 
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QUESTION 2 (continued) 
 
2.5 You want to determine the amount of iodide in a sample by means of a 
mass-volume titration with an ca. 0.153 M AgNO3 solution: 
 
 I− (aq) + AgNO3 (aq)  Agl(s) + NO3
− (aq) 
 
 How many grams of sample, containing approximately 97 % (w/w) 
BaI2∙2H2O, need to be weighed to obtain a titration volume of  
ca. 25 mL of the AgNO3 solution? 
 [Molar mass (g mol−1): BaI2∙2H2O = 427.17] (5) 
   [54] 
 
 
QUESTION 3 AQUEOUS SOLUTION CHEMISTRY; ACID-BASE TITRIMETRY 
 
3.1 The substance HSO4
− can act as an amphiprotic substance in water. 
 
3.1.1 Define the term amphiprotic substance. (2) 
3.1.2 Use reaction equations to show that HSO4
− can act as an amphiprotic 
substance in water. (2) 
 
3.2. Calculate the pH of the following solutions, after writing suitable 
balanced reaction equations for any reactions that occur. 
 
3.2.1 A solution obtained by mixing 70.0 mL of a 0.800 M Ca(OH)2 solution 
with 120 mL of a 1.30 M CH3COOH solution. 
 [Ka(CH3COOH) = 1.75 × 10
−5] (9) 
 
3.2.2 A 0.0200 M solution of hydroxylammonium chloride (HONH3Cl).  
 [Kb(HONH2) = 9.10 × 10
−9] (8) 
 
3.3 Calculate the mass of sodium propanoate (NaC2H5COO) that need to 
added to 416 mL of a 1.00 M propanoic acid (C2H5COOH) solution so 
that when it is diluted to a final volume of 2.00 L, a buffer of pH 4.62 
will be produced.  
 [Ka(C2H5COOH) = 1.34 × 10
−5)]  
 [Molar mass (g mol−1): C2H5COONa = 96.060]  (7) 
 
3.4 Consider the titration of 50.00 mL of a 0.0500 M C6H5COOH acid 
solution with a 0.150 M NaOH.  
 [Ka (C6H5COOH) = 6.28 × 10
−5] 
 
3.4.1 Calculate the pH at mid-point. (2) 
3.4.2 Calculate the pH at the equivalence point. (10) 
3.4.3 Choose the correct indicator for this titration from the table below and 
motivate your answer. (2) 
 
Indicator pH transition range 
Bromocresol purple 5.2 – 6.8 
Bromothymol blue 6.2 – 7.6 
Cresol purple  7.6 – 9.2 
Phenolphthalein 8.3 – 10.0 
   [42] 
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QUESTION 4 REDOX TITRIMETRY 
 
4.1 A solid sample containing some Fe2+ ion weighs 1.923 g. It requires 
36.44 mL of 0.0244 M KMnO4 to titrate the Fe2+ in the dissolved 
sample to a pink end point.  
 
 MnO4
– (aq)+ 5Fe2+ (aq)+ 8H+ (aq) → 5Fe3+ (aq) + Mn2+ (aq) + 4H2O (l) 
 
 Calculate the weight percentage of iron in the sample.  
 [Molar mass (g mol−1): Fe = 55.85]  (6) 
 
4.2 A standard potassium permanganate solution was used in the titration 
in Question 4.1. 
 
4.2.1 Give two reasons why potassium permanganate is not a primary 
standard. (2) 
4.2.2 Briefly explain why potassium permanganate solutions are filtered 
before they are standardized? (2) 
4.2.3 Why are solutions of potassium permanganate stored in dark bottles? (2) 
 
4.3 Potassium permanganate can be used as a self-indicator during 
titrations. Explain what this means. (2) 
    [14] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
